Level Sensors for Liquids

A practical guide to level sensors for liquids, covering the reader intent, the
relationship to level sensors for liquids, key evaluation criteria, common risks, and

the information the intended project audience should confirm before taking the
next step.
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In industrial process automation, the accurate measurement of liquid volumes is
fundamental to operational safety, inventory management, and process efficiency.
Selecting the appropriate level sensors for liquids requires a deep understanding of
the physical properties of the medium, the environmental conditions of the storage
vessel, and the specific measurement principles employed by different
technologies. As a professional manufacturer, Welk provides a range of
instrumentation designed to meet the rigorous demands of the chemical, water
treatment, and oil and gas sectors.

This guide examines the primary measurement technologies available today,
offering technical insights into their operation, selection criteria, and practical
installation requirements.

| Understanding Measurement Principles

Level measurement technologies are broadly categorized into non-contact and
contact-based methods. Each principle leverages different physical laws to
determine the distance from a reference point to the liquid surface or the pressure
exerted by a liquid column.

| Radar Level Measurement (Non-Contact)

Radar level meters utilize electromagnetic waves, typically in the microwave
spectrum. There are two primary types: Pulse Radar and Frequency Modulated
Continuous Wave (FMCW) Radar.

Pulse Radar: The sensor emits a short microwave pulse that travels to the liquid
surface and reflects back. The distance is calculated based on the time-of-flight
(ToF).

FMCW Radar: The sensor emits a continuous signal with a constantly changing
frequency. The difference in frequency between the emitted and received signal is
proportional to the distance. Modern 80GHz radar sensors offer a narrow beam
angle, which is critical for avoiding internal obstructions like agitators or heating
coils.
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Radar is highly effective for liquids with high dielectric constants and is largely
unaffected by temperature, pressure, or vacuum conditions within the tank.

|UItrasonic Level Measurement (Non-Contact)

Ultrasonic sensors emit high-frequency sound waves. These waves reflect off the
liquid surface and return to the transducer. The sensor measures the time interval
between emission and reception. Because the speed of sound is influenced by air
temperature, these sensors usually incorporate an integrated temperature sensor
to compensate for variations.

Ultrasonic level sensors for liquids are cost-effective for water and wastewater
applications but have limitations in high-pressure environments or where heavy
foam and dust are present, as these factors can attenuate the sound signal.

|Hydrostatic Level Measurement (Contact)

Hydrostatic transmitters measure the pressure exerted by the liquid column. The
principle is based on the formula: $P = \rho \times g \times h$, where $P$ is
pressure, $\rho$ is the density of the liquid, $9% is gravity, and $h$ is the height of
the liquid.

For atmospheric tanks, a submersible pressure transducer or an externally
mounted sensor at the bottom of the tank is used. In pressurized vessels, a
differential pressure (DP) transmitter is required to subtract the headspace
pressure from the total bottom pressure.

|Magnetic Level Gauges (Contact)

These instruments use a float containing a permanent magnet that moves with the
liquid level in a bypass chamber. Outside the chamber, a series of magnetic flags
or a transmitter responds to the float's position. This provides both a local visual
indication and a remote electronic signal. They are preferred for high-temperature
and high-pressure applications where direct visual confirmation is safety-critical.
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| Technical Selection Criteria

Choosing the right sensor involves evaluating the chemical compatibility of the
wetted parts and the physical dynamics of the process. The following table
provides a comparison of common technologies based on application suitability.

Technology Accuracy Max Max Pressure Best Use Case

Temperature

80GHz Radar +1 mm Up to +250°C Up to 100 bar Corrosive
chemicals, tall
silos, agitated
tanks

Ultrasonic +0.25% of Up to +80°C Up to 3 bar Water
range treatment, open
channels,
sumps

Hydrostatic +0.1% to 0.5% Up to +100°C Varies by Deep wells, fuel
sensor tanks, constant
density liquids

Magnetic Gauge =5 mm to 10 Up to +400°C Up to 160 bar Boilers,

mm oil-water
interface,
high-pressure
vessels

| Installation Considerations and Best Practices

Proper installation is as critical as sensor selection. Even the most advanced level
sensors for liquids will fail to provide accurate data if environmental factors are
ignored.

| 1. Beam Angle and Obstructions

For radar and ultrasonic sensors, the "beam angle" defines the conical area where
the signal travels. If the beam hits a ladder, pipe, or agitator blade, it creates a
false echo.
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Guideline: Ensure the center of the sensor is mounted at a distance from the tank
wall at least 1/6th of the tank diameter. Avoid mounting sensors directly above the
filling inlet to prevent signal interference from the incoming liquid stream.

|2. The Dead Zone (Blocking Distance)

Every non-contact sensor has a "dead zone" immediately below the transducer
where measurements cannot be taken. For ultrasonic sensors, this might be 0.25m
to 0.5m; for high-frequency radar, it may be as small as 0.05m.

Guideline: Mount the sensor high enough so that the maximum liquid level never
enters the dead zone, or use a nozzle extension if necessary.

| 3. Turbulence and Foam

Surface turbulence can scatter radar or ultrasonic signals, leading to signal loss.
Foam acts as an insulator for sound waves (ultrasonic) and can partially absorb or
scatter microwave signals (radar).

Guideline: In turbulent tanks, use a stilling well or a bypass pipe to provide a calm
surface for measurement. For heavy foam, high-power FMCW radar or
contact-based hydrostatic sensors are typically more reliable.

| 4. Atmospheric Conditions

In outdoor installations, condensation on the sensor face can interfere with
ultrasonic pulses.

Guideline: Select sensors with a PTFE (Teflon) wetted face to encourage droplets to
shed, or use radar units which are less affected by condensation and vapor.

| Limitations and Common Risks

While modern instrumentation is robust, engineers must remain aware of specific
technical limitations:
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Density Changes: Hydrostatic sensors are calibrated for a specific liquid density. If
the temperature changes significantly or the liquid composition varies, the density
($\rho$) changes, leading to a linear error in the level reading.

Dielectric Constant ($er$): Radar sensors rely on the reflection of waves. Liquids
with very low dielectric constants (such as certain oils or liquefied gases) reflect
less energy. In these cases, a guided wave radar (GWR) or a high-sensitivity
non-contact radar is required.

Vacuum Conditions: Ultrasonic waves require a medium (air or gas) to travel. In a
total vacuum, ultrasonic sensors cannot function. Radar, being electromagnetic,
works perfectly in a vacuum.

For a comprehensive overview of specific product models and technical
specifications tailored to your industry, you can Review product options and
application support on our Main Page.

| Frequently Asked Questions (FAQ)

Q: Can | use an ultrasonic sensor for boiling liquids?

A: It is not recommended. Boiling creates heavy steam and surface turbulence,
both of which scatter sound waves. Furthermore, the changing temperature of the
vapor space makes speed-of-sound compensation difficult. Radar is the preferred
choice here.

Q: How do | measure the level of a corrosive acid like HCI?

A: Use a non-contact radar or ultrasonic sensor with a full PTFE or PVDF housing.
Alternatively, a hydrostatic sensor with a chemical-resistant diaphragm (such as
Tantalum or Ceramic) can be used.

Q: What is the benefit of 80GHz radar over 26GHz radar?

A: The 80GHz frequency allows for a much smaller antenna and a narrower beam
angle (often as low as 3 degrees). This makes it easier to install in small nozzles
and prevents interference from internal tank structures.

Q: Does the shape of the tank bottom affect the measurement?
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A: For non-contact sensors, the bottom shape only matters when the tank is nearly
empty. For hydrostatic sensors, the shape does not affect the level height reading,
but it does affect the volume calculation, which must be handled by the PLC or the
transmitter's internal linearization table.

| Conclusion

Selecting level sensors for liquids is a multi-variable engineering task. By
understanding the underlying physics—whether it be the time-of-flight of a
microwave or the pressure of a liquid column—operators can ensure long-term
reliability and accuracy. For complex applications involving high pressures,
aggressive chemicals, or varying densities, consulting with a specialized
manufacturer is essential to avoid common pitfalls like signal attenuation or
material degradation.

For further technical documentation and to explore our full range of industrial
measurement solutions, please visit our Main Page.



